
THE FOOD OF SKIPJACK AND YELLOWFIN TUNAS
IN THE ATLANTIC OCEAN 1

BY ALEXANDER DRAGOVICH, FISHERY BIOLOGIST
BUREAU OF COMMERCIAL FISHERIES TROPICAL ATLANTIC BIOLOGICAL LABORATORY

MIAMI, FLA. 33149

ABSTRACT

Samples were examined from the stomachs of 1,060
skipjack tuna and 611 yellowfin tuna captured by live
bait, longline, trolling, and purse seine in the eastern
and western tropical and subtropical Atlantic Ocean in
1965 and 1966. Fish, mollusks, and crustaceans were the
principal foods of both species. The major families of
fish represented were Scombridae, Carangidae, Serrani­
dae, Balistidae, Gempylidae, and Tetraodontidae: mol­
lusks consisted chiefly of cephalopods (squids): and
crustaceans were principally larval macrozooplankton.
Frequency of occurrence and displacement volume are
given for all taxons of food organisms identified from the
stomachs of each species.

This report on the food and feeding habits of
skipjack and yellowfin tunas in the Atlantic
Ocean is part of an investigation of the ecology
of Atlantic tunas carried on at TABL (Tropicni
Atlantic Biological Laboratory) of BCF (Bu­
reau of Commercial Fisheries). A thorough
knowledge of food and feeding habits of tuna
is important to an understanding of the biology,
abundance, and distribution of tuna species
(Reintjes and King, 1953; King and Ikehnra,
1956; Iversen, 1962; and Nakamura, 1969).

Atlantic tuna fisheries are sustained in great
part by five species considered of wol'ldwide
importance: yellowfin tuna (Thunnus alba­
CCtl'es) , skipjack tuna (/{atsU/(,'onus pelalllis) ,
albacore (T. alalunfja) , bigeye tuna (T. obr.s/ls),
and bluefin tuna (T. thynnlts).

The literature on the food and feeding habits
of tunas in the Atlantic Ocean was reviewed by
Dragovich (969). Many publications are avail­
able on the feeding habits of the various species
of Atlantic tunas, but most of them are based
on casual observations involving small samples.
Some papers consist of mere taxonomic listings
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Fish was the predominant forage volumetrically
throughout the Atlantic Ocean and numerically in the
western Atlantic: crustaceans were predominant nu­
merically in tunas caught in the eastern Atlantic. In
general, crustaceans predominated in the stomachs of
the smaller tunas and fish in the stomachs of the larger
ones. When the mean percentages of the three principal
sources of tuna food-fish, mollusks, and crustaceans­
were compared (for tunas caught concurrently), the
evidence was that skipjack tuna ate more crustaceans
than did yellowfin tuna. Juvenile tunas were eaten by
both skipjack and yellowfin tunas.

of forage organisms found in tuna stomachs;
others contain lists of forage organisms and
morphometric measurements; few include
quantitative analyses of data, or consideration
of the relation of forage organisms to geo­
graphic areas. to the size of tunas, or to the
habitat.

MATERIALS AND METHODS
Of 1,671 tuna stomachs examined (table 1),

about 55 percent were collected on cruises by
the research vessels Geronimo and Undaunted
of TABL; 23 percent were supplied to TABL
by ORSTOlVI (Office de la Recherche Scienti­
fique et Technique Outre-Mer), Pointe Noire,
Africa; and the rest came from other BCF

. laboratories and commercial vessels. All data
were collected during 1965 and 1966, from
three arbitrarily defined areas of the Atlantic
Ocean (fig. 1).

In <'rea 1, skipjack tunas were caught by
purse seine and yellowfin tunas on longlines; in
areas 2 and 3, all tunas were caught at the
surface by live bait and troIling.

The fork lengths of the fish measured (figs.
2 and 3) ranged from 22 to 81 cm. for skipjack
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FIGURE I.-Crosshatching !1hows localities in areas 1, 2, and 3 where stomachs of skipjack and yellowfin
tunas were collected.

tuna and 40 to 155 em. for yellowfin tuna. (Not
all tunas were measured.) Most of the tunas
were caught in areas 2 and 3 (table 1).

The interval between capture of fish and
removal of stomachs varied considerably, from
a few minutes for fish captured by live bait to
several hours for some of the fish caught by
longline and purse seine. In most collections',
each stomach was pierced in several places and
then placed in an individual polyethylene bag
that contained 10 percent Formalin.2

Samples from West African waters were pre­
served in Formalin and shipped to TABL in
sealed metal drums; samples from BCF labora­
tories or from commercial tuna vessels arrived
at TABL either frozen or preserved in For­
malin.

At the laboratory, frozen stomachs were
thawed and the contents were removed, pre­
served in 10 percent Formalin, and later sorted.
Before forage organisms were sorted and identi­
fied, the stomach contents were leached in fresh
water for 12 to 24 hours to remove the For­
malin. After the food items had been sorted
into major groups, they were identified as com­
pletely as possible and the number of each taxo­
:nomic entity (species or higher taxonomic
gl'OUp) was recorded on data sheets for each
stomach. Each taxon was measured volumet­
rically by the displacement of water in a gradu­
ate cylinder of appropriate size. Bait found in
the stomachs was not included as food.

~ Trade names referred to in this paper do not imply endorsement
of commercial products by the Bureau of Commercial Fisheries.

446 U.S. FISH AND WILDLIFE SERVICE



j AREA-l A.I I I I i i• I. ,. 20 .. 50 •• '" ..
..

FORK LENGTH (ern)

'"

..
ALL AREAS

iii
COMBINED

~
II) IN ....

u::: ..
(;
Ill:

1
20

Z ..
10

•• 10 20 '" .. .. .. ,. ..
FORK LENGTH (em)

..

..

'"

'"

..

..

50

50

..2020,.•+-..,.-....,.--.--,........,....-l1li
•

20 AREA-2

AREA-3

...""
I.

:I:
11)20

u:::

o
••ao:

~
~ .+.---"---'IO-r--20-r-~"'T20--'--"""'''

'"

FIGURE 2.-Length-frequency distribution of skipjack tuna from which stomachs were collected.

TABLE I.-Tuna stomachs examined from three areas
of the .4. tlantic Ocean

PeT- PeT-
No. No. No. cent No. No. No. cent

1 ------------ 150 82 68 45.3 16 16 0 0
2 ------------ 389 347 42 10.8 41 39 2 4.9
3 ------------ 521 257 264 60.7 654 620 34 6.1

Total ----- 1.060 686 374 35.3 611 675 36 6.9

IDENTIFICATION OF TUNA FORAGE ORGANISMS

The identification of tuna forage was com­
plicated by the poor condition of many of the
organisms and by the predominance of juvenile
or larval forms, for which taxonomic literature
is practically nonexistent. Partially digested
organisms also were difficult to identify. The
organisms that lacked external protective de­
vices (such as the scales of fish 01' the exo­
skeletons of crustaceans) were digested most
rapidly and were, therefore, the most difficult to
identify. Cephalopods, for instance, presented
difficulties because they are identified primarily
on the basis of skin, suckers, and fins. Squids
were separated from octopuses on the basis of

[See figure 1 for locations of the areas)

number of arms (10 in squid and 8 in octopus),
lack of a gladius ("pens," or internal skeleton)
in the octopus, and the shape of the beaks.
Ommastrephid squids were identified by the in­
verted T-shaped funne.l (known as the locking
apparatus), which distinguishes this family
from all others, even in the youngest stages.

The shelled mollusks, heteropods, pteropods,
and nautiloid cephalopods were identified from
their shell remains. Exoskeletons provided
diagnostic characters for identification of ar­
thz:opods.

The crustaceans were identified mostly on
the basis of their remaining exoskeletons.
Larvae of crustaceans were sorted into zoea
and megalopae 01' their equivalent stages, and
then identified as far as was possible.

Identification of fish was troublesome because
their best diagnostic features (scales, fins) are
external and are the first to be digested. Partly
digested teleost fishes ~hat lacked external
characters were identified from skeletal re­
mains. Other characters used were scutes,
dorsal spines, gill rakers, photophores, teeth,
and body shape.

Yellowfin tuna

With
Total food Empty

Skipjack tuna

With
Total food EmptyArea
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FIGURE 3.-Length-frequency distribution of yellowfin tuna from which stomachs were collected.

METHODS USED IN THE EVALUATION OF DATA

The data were evaluated by percentage fre­
quency of occurrence and percentage of total
volume (Reintjes and King, 1953). Statistical
analyses were based on Spearman's rank cor­
relation test and a paired t-test of difference
between means.

COMPOSITION OF FORAGE ORGANISMS
FOUND IN THE STOMACHS OF SKIP.
JACK AND YELLOWFIN TUNAS

The identified food of skipjack and yellowfin
tunas consisted chiefly of three major cate­
gories-fish, crustaceans, and cephalopods (fig.
4). Appendix tables 1 to 6 list alI individual
food items identified from stomachs of skipjack
and yelIowfin tunas. These tables include for
each area the food item, the number of stomachs
in which it occulTed, the percentage frequency
of occurrence, the displaced volume, and the

percentage of the total volume examined. The
food items are listed in order of frequency of
occurrence by families (fishes) or broader cate­
gories (moIlusks and crustaceans).

The numbers of taxa found in the stomachs
of the two species were similar-159 in skip­
jack tuna and 174 in yellowfin tuna; 102 were
in stomachs of both species (59 fishes, 29
crustaceans, and 14 mollusks).

The taxonomic composition of forage orga­
nisms differed in the three areas. In areas 1
and 2, fish was the most important food item in
volume and frequency of occurrence for both
species (fig. 4). In area 3, crustaceans led fish
and mollusks in frequency of occurrence for
both species; by volume, crustaceans were more
important than fish only in the diet of skipjack
tuna. Cephalopods (chiefly squid) made up the
major portion of mollusks in all areas; by
volume, cephalopods were more important than
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FIGURE 4.-Percentage of total food (by four major categories) in stomachs of skipjack and yelJowfin
tunas captured in varil)us sections of the Atlantic Ocean. Solid columns represent the number
of ol'ganisms and checkered columns represent volumes. A=fishes; B=crustaceans; C=
cephalopods; D=other mollul:'ks and unidentifiable.
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crustaceans in areas 1 and 2, but less important
than c,rustaceans in area 3. Animals other than
fish, crustaceans, and mollusks-heteropods,
pteropods, larval Tonnidae, and tunicates­
amounted to less than 0.8 percent of the total
volume of food in both species. Unidentifiable
material consisted of semidigested masses of
various food, some of which was recognizable as
mollusks other than cephalopods. The percent­
age volume of unrecognizable material was low
for both species in areas 2 and 3 but was ex­
tremely high-much higher than that for any
other category of food-in skipjack tunas fl'om
area 1 (fig. 4).

FISHES
Forage fish consumed by skipjack and yellow­

fin tunas in all areas consisted primarily of
juvenile and larval forms of pelagic fish.

In area 1 (appendix tables 1 and 2) the fish
consumed by the two species differed. The
forage of skipjack tuna was made up of scom­
brids (Scombe'r spp. and Scomber scombrus)
and unidentifiable fish, whereas that of yellow­
fin tuna included fish from at least 15 families.

In areas 2 and 3, the food of skipjack and
yellowfin tunas was' similar (appendix tables
3-6). In area 2 (appendix tables 3 and 4), 29
fish families were recorded for skipjack tuna
and 23 for yellowfin tuna; 19 were common to
the two species. A wide variety of forage
fishes was found in tunas from area 2, but only
a few taxa ranked high in frequency of occur­
rence and volume for both species. Lal'ge
numbers of Paranth-ias lurciler, Dactilopterus
tlolitans, and Holocantlms spp. were present­
the stomach of one yellowfin tuna contained 710
specimens of P. Im·cile1'. In area 3 (appendix
tables 5 and 6), 38 forage fish families wel'e
recorded for yellowfin tuna and 21 for skipjack
tuna; 20 fish families were common to both.

Among the families of forage fishes, in fre­
quency of occurrence and by volume, Scom­
bridae constituted the most important food of
skipjack and yellowfin tunas in area 1, and also
of skipjack tuna in area 2 (appendix tables
1-6). Serranidae occurred most frequently in
the diet of yellowfin tuna in area 2, and also
ranked high as forage of skipjack tuna. Other
fish in area 2 that ranked high in frequency of
occurrence and by volume for both tunas were
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Scombridae, Carangidae, Dactylopteridae, and
Chaetodontidae.

In area 3, Carangidae, Tetraodontidae, Gem­
pylidae, and Serranidae were the most num­
erous forage fishes of yellowfin tuna; they also
l'anked high i~ frequency of occurrence and by
volume in the diet of skipjack tuna.

CRUSTACEANS
Crustaceans in stomachs of 'skipjack and

yellowfin tuna consisted of a wide variety of
forms. Larval macrozooplanktonic forms,
which made up the bulk of crustaceans in all
areas, were different types of zoea, megalopae,
or their equivalent stages. Amphipods (hy­
periids), Heterocarpus ensile1', mysids, and
euphausiids also were present but of less con­
sequence.

Individual taxa of crustaceans contributed
little to the total volume of forage organisms.
Collectively-because of their substantial num­
bers and high frequency of occurrence-Cl'usta­
ceans were important in the forage of skipjack
and yellowfin tunas in area 3, where counts of
cl'Ustaceans exceeded those of fish (fig. 4). In
frequency of oc.currence but not in volume,
crustaceans exceeded fish in the diet of yellow­
fin tuna in area 3. Crustaceans in the diets of
tunas in area 3 consisted of 34 taxa for skip­
jack tuna and 39 taxa for yellowfin tuna; 25
taxa were common to both species (appendix
tables 5 and 6). The chief constituents (fre­
quency of OCCUl'l'ence and by volume) in the
crustacean diet of the two species of tuna in
area 3 were larval stomatopods, and megalopal
stages listed as Decapoda (Brachyura) and
hyperiid amphipods. Although many amphi­
pods were present in the samples, they con­
sisted of relatively few species. Phrosina semi­
lunata was numerically the mo.st important
species by far in the diet of both species of
tuna. Hete1'oca1'pus ensile'l" was the prominent
shrimp in the diet of yellowfin tuna; hermit
crab larvae (Pet'l"ochil'us pustulatus, Dardanus
spp., D. arrOS01', and D. pectinatus) and various
phyllosoma stages of Scylla1'us sp. and Panuli­
rus rissoni were important in the diet of both
species in area 3 (appendix tables 5 and 6).
In area 1, crustaceans found in the stomachs
of only yellowfin tunas (appendix table 2) con­
sisted of hyperiid amphipods and megalopal
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[For the areas see figure 1]

Area 1 Area 2 Area 3

Skip- Yellow- Skip- Yellow- Skip- Yellow-
jack fin jack fin jack ftn

TABLE 2.-0ccurrence of ;uvenile scombrids in the
stomachs of skip;ack and yellowfin tunas in areas
1, S, and 9

That juvenile tunas are a part of the diet
of adult tunas has been reported often. King
and Ikehara (1956) found juvenile skipjack
tuna in the stomachs of yellowfin and bigeye
tunas ; Nakamura (1965) reported a high fre­
quency of occurrence (24.8-44.8 perc.ent) of
juvenile tunas in the stomachs of skipjack
tunas; Suarez-Caabro and Duarte-Bello (1961)
observed juvenile blackfin tunas (5-150 mm.,
fork length) and skipjack tunas (35-145 mm.,
fork length) in the stomachs of skipjack tunas;
Reintjes and King (1953) found skipjack tuna
and various other tuna species in the stomachs
of yellowfin tuna; and Koga (1958a, b) and
Alverson (1963) reported juvenile tuna in the
stomachs of other tunas.

+
+. +

++ +

+

+

+ +
+ ++
+++

Scomber spp. +
Scomber ;aponicu. _
Scomber scombru. +
Other Scombridae +
Scombroidei
Auzis .Pp. _
K..t.uwonus pel..mi. __
}JuthllnnuB

..lIette....tus _
Thunnus spp. _
Thunnu...tl..nticu. _

present in all three areas (table 2). All tunas
found in the stomachs of skipjack and yellowfin
tunas in this study were juveniles; most were
identified from vertebrae.

As many as 13 juvenile tunas were found in
the stomach of a skipjack tuna, and as many
as 24 in the stomach of a yellowfin tuna. Auxis
spp. (436 specimens, 23-134 mm. long) were
the most numerous scombrid in the stomachs
of both tuna species (unidentified Scombridae
were the only other form recorded for both) ;
Euthynnus alletteratus (40-42 mm. long),
Katsu'Wonus pelamis (46-94 mm. long), Thun­
nus spp. (64-72 mm. long), and T. atl(tnticus
(59 mm. long) were present in the stomachs of
skipjack tuna only (one to three specimens per
stomach); juvenile Scomber japonicus (83-­
222 mm. long) were present in the stomachs
of yellowfin tunas only (one to four per stom­
ach).

JUVENILE TUNAS AS FOOD FOR
SKIPJACK AND YELLOWFIN TUNAS

Information on the distribution and occur­
rence of juvenile tunas is of great value in
identifying the spawning areas of tunas, but
the collection of juvenile tunas by standard
means is difficult. Tunas themselves, however,
are excellent collectors of many marine species,
including other tunas. Juvenile tunas were

stages of Brachyura; one group of megalopae,
Raninidae, was identified to family. In area 2,
megalopal forms-Decapoda (Brachyura) and
larval stomatopods-ranked high in frequency
of occurrence. Mysis stages of Cerataspis petiti
were present in the diet of yellowfin tunas in
area 2 only (C. petiti has never before been
reported from the Caribbean Sea).

MOLLUSKS

Numbers of identified mollusks were consid­
erably fewer than those of fishes and crusta­
ceans. Squids (Ommastrephidae) were most
numerous in the diet of both species of tunas
in all areas (appendix tables 1-6). Illex ille­
cebrosus and Ommastrephes spp. were the only
identified ommastrephids. Pelagic juvenile oc­
topuses were present in the stomachs of both
species of tunas. The identified octopods,
Tremoctopus violaceus, were observed in area
2 (appendix tables 3 and 4).

OTHER FOOD

Heteropods and pteropods were prominent
in frequency of occurrence for both species of
tuna, but were unimportant volumetrically.
The two groups of mo)lusks were present in
the stomachs of skipjack tuna in areas 2 and 3
(appendix tables 3 and 5) and in yellowfin tuna
in area 3 (appendix table 6). By frequency of
occurrence and volume, heteropods and ptero­
pods were more important in the diet of skip­
jack tuna than in that of yellowfin tuna in all
areas. Oxygyrus keraudreni, Cavolinia uni­
cinata, and Diacria trispinosa were identified
from area 2; O. keraudreni was the heteropod
found most frequently in both species of tunas
in area 3.

Larval Tonnidae (including Tona galea)
were present in the stomachs of skipjack tuna
in area 2 only.

SKIPJACK AND YELLOWFIN TUNA FOOD IN ATLANTIC OCEAN 451



STOMACH CONTENTS OF FISHES
INGESTED BY SKIPJACK AND
YELLOW FIN TUNAS

Stomach contents of fishes ingested by skip­
jack and yellowfin tunas were examined to
learn more about the food chain of yellowfin
and skipjack tuna and the trophic dependence
of ingested fishes. The results of this examina­
tion, as in the study by Nakamura (1965),
further confirmed the dependence of forage
fishes upon macrozooplankton. The stomach
contents of fishes ingested by both sp~cies of
tunas consisted primarily of crustaceans and
fish remains, but some of the larger fishes con­
tained remains of squid and juvenile fishes. A
Scomber japonicus from the stomach of a
yellowfin tuna collected off West Africa held
three juvenile Sardinella 'rouxi (50-60 mm. fork
length).

Because crustaceans were better preserved
than fishes, I could distinguish broad taxonomic
categories. Although I made no quantitative
estimates, copepods appeared to be the domi­
nant single group in the diet of most of the
ingested fishes. As many as 60 to 100 were
found in a single stomach. Among identifiable
copepods from the western Atlantic, Cen­
tropages typicus, Temora turbinata, and other
calanoids wel'e most numerous; Scolecithrix
danae, Megacalanu.'J princeps, Scolec-ith1'icella
sp. and other calanoids were most numerous in
samples taken off the coast of Africa. Other
identifiable crustaceans were: amphipods,
euphausiids, shrimp, Lucifer sp., larval stoma­
topods, megalopal stages of Raninidae, and
megalopal and zoeal stages of Brachyura.

VARIATION. IN FOOD IN RELATION TO
DISTANCE FROM LAND, TIME OF
DAY, AND SIZE OF TUNA

Stomach contents of tunas collected at all
locations were classified according to the dis­
tanc,e from the nearest land. The arbitrary
scale (0-24 nautical miles or 0-43.2 km., 25-49
nautical miles or 45.0-88.2 km., 50-74 nautical
miles or 90.0-133.2 km., 100-149 nautical
miles or 180.0-268.2 km., 150-200 nautical
miles or 270.0-360.8 km., 201-300 nautical
miles or 361.8-540.0 km., 301-400 nautical

452

miles or 541.8-720.0 km. and 401 nautical miles
or 721.8 km. plus) used in this study to delin­
eate distances from land is the same as that
used by King and Ikehara (1956). The mean
volumes of 12 taxa most frequently identified
as tuna forage from the stomachs of skipjack
and yellowfin tuna were plotted for each area
and distance. For most of the distances, how­
ever, the number of tuna stomachs was too
small to warrant any conclusions.

Data were insufficient for analyses of
monthly or seasonal variations, and the trend
of feeding throughout the day could be con­
sidered only for skipjack tuna from areas 2
and 3. Average volumes of stomach contents
were calculated for each hour of the day. The
percentage of empty stomachs appeared high­
est, and the mean volume of food in stomachs
lowest, near midday. A chi-square test of
heterogeneity (Snedecor and Cochran, 1967:
248) indicated that the observed differences
in percentage of empty stomachs near midday
was significant (P<0.005) in areas 2 and 3.

The diurnal fluctuation in feeding was sim­
ilar to that observed by other investigf.,tors
(Talbot and Penl"ith, 1963; Nakamura, 1965;
and Sokolov, 1967). Nakamura (1965) sug­
gested that the diurnal feeding pattern of skip­
jack tuna was based on availability of food
(movement of zooplankton and forage orga­
nisms, during the midday period of maximum
illumination, to depths beyond those occupied
by the surface-dwelling skipjack tuna) or to
satiation of tuna after the morning feeding
period.

The relation between the sizes of skipjack
and yellowfin tunas and the taxonomic composi­
tion of food was studied in terms of frequency
of occurrence and percentage volume of the
three principal food categories (fishes, mol­
lusks, and crustaceans). The occurrence of
c.rustaceans tended to decline as the size of
skipjack tunas increased; the frequency of oc­
currence of fish increased with the size of tunas
of both species. I observed no relation between
the size of tunas and the consumption of
cephalopods and other mollusks.

Spearman's rank correlation analysis (Steel
and Torrie, 1960: 409) was used to determine
whether the frequency of occurrence of the two
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more fishes than do the smaller ones. The
greater dependence of larger skipjack and yel­
lowfin tunas on fish and of smaller skipjack

TABLE 3,-Speanllan's coefficiellts of rank correla.lion
(r.) between the lengths of skipjack (lnd yellowfin
tunas and pe·rcellt rolulIles of the dominant food
catego·ries for selle'ral c1'uises

dominant forage food items (fish and crusta­
ceans) in the stomachs of skipjack tunas was
correlated with the size of tunas. Spearman's
rank correlation coefficients of 0.771 for fish
and -0.771 for crustaceans were not significant.
I did not make a similar analysis of the sizes
of yellowfin tunas and the frequency of occur­
rence of the three main food categories because
the number of .size classes (four) was too small.

Spearman's rank correlation analysis was
also applied to test whether the percentage
volumes of the forage food categories of skip-

. jack and yellowfin tunas were correlated with
the size of fish (table 3). All fish suitable for
such a test (487 skipjack and 338 yellowfin
tunas) were grouped into 10-mm. length---in­
tervals. Correlations were performed for the
two dominant food categories (fish and crusta­
ceans 01' mollusks). The data from single
cruises were treated separately, because each
cruise is representative of the same general
area and the same time. I observed a significant
correlation (Spearman's rank correlation co­
efficient of 0.512. P:::;'0.05) only between yellow­
fin tuna and fish on one cruise, indicating that
as the size of tuna increased, the percentage
consumption of volume of forage fish increased
also.

The size ranges of skipjack (410-639 mm.
fork length) and yellowfin tuna.s (390-629 mm.
fork length) were for the most part probably
not great enough to relate possible differences
in feeding habits to size. Even so, the fact that
one significant cOl'1'elation was noted for yellow­
fin tuna may indicate that larger tunas consume

Tuna Tuna
spe- exam- Fork
cies ined length

tuna on crustaceans was also observed by other
investigators (Nakamura, 1965; Yuen, 1959;
and Alverson, 1963).

King and Ikehara (1956), who analyzed the
relation between the volume of stomach con­
tents and body weights for big.eye and yellow­
fin tunas from the central Pacific, found that
the mean volume per stomach for both species
increased with the size of the fish and the
average content of stomachs per unit of body
weight decreased with increase in size. Because
about 98 percent of the specimens I studied
fell into a narrow range of sizes (2-4 kg,), I
was unable to make a similar analysis, but I
did find-from examinations of scatter dia­
grams-that the relation betw~en the volume
of the stomach contents and the weight of the
fish appeared to agree with King and Ikehara's
results.

VARIATION IN VOLUME OF
STOMACH CONTENTS

As indicated in the studies by Magnuson
(1969), the maximum capacity of the stomach
of a skipjack tuna is about 7 percent.. of the
weight of the fish, but during 1 day a fish can
consume the equivalent of 15 percent of its body
weight. On the basis of Magnuson's study, I
assume that the maximum capacity of yellowfin
tuna stomachs is also about 7 percent of the
body weight.

The volume of stomach contents was less
than 20 mI. in 75 percent of the skipjack tunas
and in 85 percent of the yellowfin tunas. Stom­
ach volumes above 20 ml. were higher in areas
1 and 2 than in area 3-an observation that
might be related to the fact that the diet of
skipjack and yellowfin tunas in areas 1 and 2
consisted primarily of fish, which have higher
average volumes than crustaceans. In their
study of food of yellowfin tuna in the central
Pacific, Reintjes and King (1953) found that
food volume was less than 25 cc. in 58 percent
of the stomachs of yellowfin tunas. Assuming
that 1.0 ml. of stomach contents is equivalent
to 1.0 g" I made a rough comparison between
the estimated weight of the stomach con­
tents and the body weight of tunas. My
calculations showed that in 99 percent of the
observations the stomach contents were well

.219

0.107

-.337
0.127

.132

.192

0.077
.128
.512
.004
.087
.150

Crusta- Mol-
Fish ceans lusks
(1',) (rs ) (r,)

No. lit",.

12 460-579
17 410-579
18 390-569
19 410-629
16 410-569
22 397-639

Cruise

Gerolli",o 7 Skipjack
Geronimo 5 do
Do Yellowfin
K,(rosllio /tfar", __ do
Do Skipjack
Ullda,o,t,d 2 do
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below the maximum capacity (7 percent of
body weight) shown by Magnuson. Thus, my
figure of 20 ml. probably does not represent
the average daily ration for either species, par­
ticularly because the volumes were as high as
149 ml. in skipjack tuna and 499 ml. in yellow­
fin tuna. The fact that less than 20 ml. of food
was found in most stomachs I examined (both
species) also may suggest that (1) food is not
always available and (2) the rates of digestion
are rapid.

COMPARISON OF FOOD OF SKIPJACK
TUNA AND YELLOWFIN TUNA

When data from all areas are combined, the
large number of forage taxa common to skip­
jack and yellowfin tunas indicates a marked
similarity in the diets of the two species. When
the taxonomic composition of the food in stom­
achs of the two species was compared at loca­
tions where they were caught simultaneously,
however, less than half of the total taxa at 23
of 25 stations were common to both species­
suggesting that feeding is selective. .Crusta­
ceans made up the greatest number of taxa
common to both species, and fishes the least
(fig. 5).

Consideration of feeding selectivity of skip­
jack and yellowfin tunas required that the data
be examined quantitatively. The percentage
volume for each food category (fish, mollusks,

and crustaceans) and for each station was
transformed by Y=arc-sin vx, where x is the
fraction of the volume and y the transformed
variate upon which the Spearman's coefficient
of rank correlation was applied to see if the
volume of fish among food constituents varied
directly or inversely between the skipjack and
yellowfin tunas. I found that the rank correla­
tion coeffic.ient of 0.241 was not significant. A
comparison (paired t-test) of the mean per­
centages of the three main food categories (fish,
crustaceans, and mollusks) at the same stations
gave evidence that the mean percentage of
crustaceans in the stomachs was greater in
skipjack tuna than in yellowfin tuna (P<0.01).

Findings by other investigators concerning
selectivity in feeding by different species of
tunas varied. Among fish from the same loca­
tions in the Pacific, Iversen (1962) found that
the food of albacore was more similar to that
of yellowfin tuna than to that of bigeye tuna­
even though bigeye tuna and albacore inhabit
deeper water than yellowfin tuna. Some selec­
tivity in feeding might be inferred from Iver­
sen's study. King and lkehara (1956) studied
the food of bigeye and yellowfin tunas in the
central Pacific and concluded that their forage
was, in general, remarkably similar. They
stated that when the two species live in the
same area, food habits are alike, and that food
selectivity is probably attributable to a move­
ment by the tunas to different feeding areas.

TOTALS

BOTH

Number of taxa - lw.wwI
o 5 10

FIGURE 5.-Number of different forage taxa from the stomachs of SJ (skipjack tuna) and YF (yellowfin tuna).
collected simultaneously at the same stations.
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APPENDIX

TABLE I.-List of forage organisms (a'f'fanged in order
of frequency of occu'f'fence) found in 8S skip;ack
tuna stomachs with food, collected from area 1

TABLE 2.-List of forage organisms (a'f'fanged in order
of frequency of occurrence) found in 16 yellowfin
tuna stomachs with food, collected from area 1­
Continued

[FreQuency of occurrence and volume are given for each taxon.
See figure 1 for location of area of sampling]

[Frequency of OCl"urrenee and volume are given for each ·taxon.
See figure 1 for loeation of al'ea of sampling]

TABLE 2.-List of forage organisms (arranged in order
of frequency of occurrence) found 'in 16 yellowfin
tuna stomachs with food. collected from area 1

[Frequency of oceurl'ence and volume are given for each taxon.
See.figuI·e 1 for location of area of saml>linll]

Volume

Frequency
of

occurrence

Frequenc,..
of

oeeurrenee Volume

Per- P....
No. cent MI. emt

6.2 0.3 <0.1

6.2 0.1 <0.1
6.2 0.8 <0.1

3 18.7 11.3 1.0
1 6.2 0.2 <0.1
1 6.2 0.6 <0.1
1 6.2 0.6 <0.1

Taxon

Taxon

TABLE a.-List of forage organisms (arrangeclin order
01 frequency of occurrence) found in 91/1 skip;ack
tuna stomachs 1l,it.h food, collected from urea 2

Gastropoda
Helisoma tluru __ ~ _

Crustaceans:
Decapoda

Brachyura (megalopae)
Raninidae (megalopae)

Amphipoda (Hyperiidae)
Phrosin.. semi/un..t.. _
Phf'onima aedentaria _
Braehyse,~lus sPP. _
Other Hyperiidea _

Frequency
of

oecurrence Volume

PST- Per-
No. cent MI. emt

6 7.2 7.0 1.2

46 66.0 136.1 24.0
36 42.6 373.2 66.3

3 3.6 6.6 1.2

3 3.6 40.9 7.3

Taxon

Fishes:
Unidentifiable

Scombridae:
Seomber spp. _
Seomber sombros _
Other Seombridae _

Mollusks:
Ommastrephidae _

Volume
Taxon

Jo'ishes:
Unidentifiable _
Bl'smidae

Collybus drachme _
Brama rO'1li _
Pterveomb"s goodei _

Bali.tidae
Balistes spp. _
Other Balistidae _

Gempylidae
Gt7nTJyht8 8£rpens _
Other Gempylidae _

Dactylopteridae
Daetylopterlls ,"olitalls _

Holocentridae
Holoerntrus spp. _
Holo~f7ltTu8 vcz;llaTit~8 _

Scnmbridae
Auz~ spp. _

TI'iglidae
Per;stedion spp. _

Monocanthidae
Ca,rther;nes sp. _

Exocoetidae _
Belonidae _
Syngnathidae

Hippocamp·us spp. _
Bl'anchiostegidae

Jilala('anthus sp. _
COl'yphaenidae

CoryphaclI.B spp. _
C{lrupJtal"na J.ipp.,tTUa _

AcanthuridaeAranthuTUB spp. _
Othel' Acanthuridae _

MoJidaeMala mola _

Mollusks:
Cephalopoda

Octopoda
Argona"t« sp. _

Teuthoidea
Unidentified
Ommastr~phidae _

Unidentified Teuthoidea _
Other Cephalopoda _

Frequeney
of

OeCurl"enCe

Per­
No. cent

14 87.5

5 31.2
1 6.2
1 6.2

2 12.5
3 18.7

4 25.0
2 12.5

5 31.2

a 18.7
1 6.2

4 24.9

2 12.5

2 12.6
1 6.2
1 6.2

6.2

6.2

6.2
6.2

6.2
6.2

6.2

8.2

3 18.7
5 31.2
2 12.6

'\
MI.

267.2

~~,~
3.9
3.0

19.7
13.8

62.0
7.6

23.7

19.3
9.2

314.8

3.3

4.2
8.6

31.0

1.0

4.6

94.0
76.0

3.9
0.2

1.2

2:U

34.5
106.0

0.2

PST­
emt

21.8

3.6
0.3
0.2

1.7
1.2

5.2
0.6

2.0

1.6
0.8

26.6

0.3

0.4
0.7
2.6

0.1

0.4

8.0
6.4

0.3
<0.1

0.1

2.0

2.9
9.0

<0.1

Fishes:
Unidentifiable _
Seombridae

Au",is spp. _
Katauwonus pelamia _
E'ldhynnUB alle.tteratuB _
Thunllus sPP. _~ _
TIl:rtnnuB atla"U("u8 _
Other Scombridlle _

GempyJi\iae
Gempyl"s sp. _. ' _
Gempylus serpens _
Nl"siarchuB nasutu8 _
Other Gempylidae _

Chaetodontidae
Holacanthus spp. _
Holaca7lthus tricolor _
Holaca'nthu8 riliariB _
Chaetodon 8edentarius _
Chaetodon spp. _

Mullidae
Pseudupeneus spp. _
P8eudupeneu8 ",aeulatus
Other Mullidae _

Sel"rBnidae .
Parallthias sp. _
Paralltllias fureifer _
Other Serranidae _

Acanthuridae
Ae611t)luTUS spp. _
..4.l"et7lthurU8 coeruleuB _
A("d-ntllttTUB bahianrtB _

Holoeenh'idae
Holorentrus spp. _
Holot:l"71tru8 t'exillariu. _
Myripristis ja("obuB ... _
Other Holoeentridae _

Dactylopteridae
Dactylopterus ,"olitans _

Monacanthidae
.Jl.to'J'lanca1rtluts 8PP. _
CaJltllcrineB sp. _
Ca,,'theri7les pull"s _
Alutera spp. _
Other Monaeanthidae _

Carangidae
Vomer eE'fa.pi"nia _
Det:aptertt8 spp. _
Det:apterus rm7lt.~tatu8 _
Caranr spp. _
Caranor bartholoma.ei _. _
Trachi"otus spp. •. . _

Per­
No. cent

241 69.4

85 24.5
lQ 2.9

1 0.3
3 0.8
1 0.3

89 25.6

1 0.3
4Q 11.6

2 0.5
52 14.9

58 16.7
2 0.5
2 0.5
1 0.3

30 8.6

1 0.3
19 6.6
67 19.3

1 0.3
75 21.6

4 1.1

65 16.8
18 6.2

1 0.3

61 17.6
4 1.1
1 0.3
3 0.8

66 19.0

13 3.7
20 5.8

1 0.3
1 0.3

39 11.2

22 6.3
4 1.1
5 1.4
5 1.4
3 0.8
2 0.5

MI.

896.9

680.8
86.0

0.3
9.6
2.0

269.9

0.9
103.2

11.7
72.1

50.2
0.6
0.7
0.1

18.4

8.8
174,2
390.7

0.2
440.1

2.0

71.7
21.6
2.2

58.6
2.2
3.0
0.6

110.9

6.8
34.6

9.0
0.2

35.7

26.1
12.6
31.4

Pe..­
emt

16.9

12.9
1.6

<0.1
0.2

<0.1
6.1

<0.1
1.9
0.2
1.4

0.9
<0.1
<0.1
<0.1

0.3

0.2
3.3
7.4

<0.1
8.3

<0.1

1.4
0.4

<0.1

1.1
<0.1
<0.1
<0.1

2.1

0.1
0.6
0.2

<0.1
0.7

0.6
0.2
0.6
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TABLE 3.-List of forage organisms (arranged in order
of frequency of occurrence) found in 347 skipjack
tuna stomachs with food, collected from area 2­
Continued

TABLE 3.-List of forage organisl'lts (arranged in order
of frequency of occurrence) found in 347 skipjack
tuna stomachs with food, collected from area 2­
Continued

Taxon
Frequency

of
o<:currence Volume

Taxon
Frequency

of
oecurrence Volume

POT­
No. cent

[Frequency of occurl"enCI~ and volume are given for each taxon.
See Iigul'e 1 fur lucation of area of sampling]

TABLE 4.-List of forage organisms (arranged in order
of frequency of occurrence) found in 39 yellowfin
tuna stomachs with food, collected from a1'ea it

Crustaceans:
Decapoda

Brachyura (megalopae) __ 30 8.6
Unidentified Raninidae

(megnlopae) 22 6.3
Macrura-Natantia

Caridea (larvae) 2 0.6
Macrura-Reptantia

Unidentified (Phyllosomae) 0.3
Stomatopoda

Unidentified Stomatopoda
(larval Corms) 27 7.8

Amphipoda (Hiperiidea)
Phronima ,('del,toria. 1 0.3
Other Hyperiidea 4 1.2

Isopoda 2 0.6
Other cl·ustar.eoans 17 4.9

PCT­
rent

3.0

06.9

0.7
<0.1

2.4

0.2
<0.1

3.2

0.2
<0.1

0.1
<0.1

0.3
0.1

<0.1

0.4
0.1

0.1
0.3

<0.1

<0.1
<0.1
<0.1
<0.1
<0.1

PeT­
cent

3.6 0.1

3.' 0.1

1.1 <0.1

0.1 <0.1

11.' 0.2

0.2 <0.1
0.' <0.1
0.2 <0.1
2.2 <0.1

MI.

ML.

602.3 20.3

92.7 3.1
38.0 1.3

2.1 0.1
1.0 <0.1
8.2 0.3

Volume

90.5

1689.5

20.4
1.5

71.7

6.2
0.9

96.2

7.2
:1.7
2.0
1.0

8.2
3.0
0.3

12.1
2.1

2.3
9.6
1.2

2.0
0.1
1.5
IJ.2
1.0

9 23.0

5 12.8
1 2.5
1 2.5

3 7.6
3 7.6

3 7.6
2 f,.t
1 2.5
1 2.[,

1 2.5
3 7.~

2 5.1

2.5
2.l'i
2.l'i
2.5
2.5

33 84.6

, 10.2
3 7.6
3 7.6
1 2.5
1 2.5
1 2.5

II 28.2

21 53.8

7 17.9
1 2.5

12 30.7

8 20.5
2 5.1

P.r­
No. e."t

Frequency
of

occurrence

Per­
No. c"nt

Taxon

Fishes:
Unidentifiable _
CaranR'idae

lJc('o1,terr48 spp. _
J~cral)t('r'(B ,,,,!ou".Lllt'48 _
1 orner al'ta}Juulls _
Caronl' spp. _
CarRnx bartholo7J1aci _
UTa.1Jis sp. _
Othcr Carangidae _

Serranidae
I'aranthia. !r4rf'ijcr _

Scombrillae
.t1l1.xiR !'Ipp. _
Sr"mhCT !Orlp. _
Other Scombridae _

Chafi."tlulontillae
lIo1aC'antlw. !iPP. _
C/rartodfnl SPJ). _

Dactylupteri.1ne
lJartytopte.ru8 tlolitan8 _

Bali.tidae
!laUdr. SPP. _
Xa.nt1lir1ltllU8 ri71fll'l'8 _
Af'Rntiliflalltf'T 1I1,hf.!roidc8 _
Other Dalistidae _

Rl"amiclae
("0Ilu,.,48 tirat'llme _

('0Ilu l)u8 ~p. ----------------
Other Bramidae . _

Gempylillae
r;,.mpyl"l1 8trl'I'11. _
Other c;"mpylidac _

Tetrao.l.mti.lac
ConthrTill(,8 Nfl. _
Canthr.rin". pr4111f8 _
SpharrnidcB tiPP. _

Holurentri.lne
.""yril)Ti8tis ;o('f}lm8 _
Hnlorcl,trIl881" _
HolnC'f:lltrIf8 Qllr"".i()JlUJ _
Haioeclltr" .. lIf!rillnrill.B _
Other Holocentridne _

0.1
<0.1

<0.1
<0.1

<0.1
<0.1

8.:\
6.1
0.2

<0.1
3.9

P"T­
c"",t

<0.1
<0.1

2.0

1.5
1.,

<0.1
0.2

2.'
<0.1

0.2

0.1
0.1

<0.1
0.1

0.2
<0.1
<0.1

0.1
0.2

<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1

<0.1

0.9
<0.1

1.2
0.1

<0.1

0.2
<0.1

<0.1
0.1

<0.1

<0.1
<0.1

0.1
0.1

<0.1
<0.1

<11.1
<0.1

0.3

<0.1
<0.1

11.&
11.&

16.5

0.5
0.3

H9.1
32].6

M.O
5.6

205,7

0.6
0.1

1.11
0.1

0.1
0.1

MI.

4.0
3.0

100.9

78.8
76.5

3.0
9.1

128.0
1.3
8.6

6.3
7.'
2.2
6.5

9.6
2.0
1.0
4.7
9.1

1.0
0.3
0.1
0.7
0.1

LA
0.6

2.3

50.0
0.9

64.1
2.2
7.1

9.2
0.6

2.5
4.0
0.8

\.5
11.3
0.2
0.8

1.5
0.6

1.1
1.1
0.11

1.7
0.3

2.3
0.:\

0.3
0.3

0.3
0.3
0.3
0.3

0.3
0.3

11.3
n.:l
0.3

0.3
0.6

18.2
8.1
0.3
1.2
9,5

0.3
0.5
'.6
'.9
1.1
0.3
2.9

0.8
0.3
0.8

2.3
1.4
0.3
2.6

1.7
0.5
0.3
1.1
2.6

2.9
0.5
0.3
0.5
0.3

2.9
1.4

2.9

0.3
0.3
2.0
2.0
2.0

0.8
0.3

1
2

6
1

8
1

63
28

1
4

33

3
1

4
4
3

1
2

16

17,
1

10

20
1
3

8
5
1
9

6
2
1
4
9

10
2
1
2
1

10
5

10

1
1
7
7
7

S"I"T Bp. _
S"I"T cT"monopth..I",,,. _
Other Caranl'idae _

BaliBtidaeB..Uot". BPP. _
B..Ii.teB vot"l.. _
Xanthirhthll' Ti?lgen. _
Other Balistidae _

StromateidaeC"birop. BPp. _
CubiccP8 grAcilis _
Other Stromateidae _

Tetraodontidae
Sph..OTOid•• BPp. _
Lagor.ph..I". BPP. _
L ..gocoph..I"B p..rhll<cph..L". __
Other Tetraodontidae _

Priacanthidae
Priacanthu8 spp. _
Pr;at."ant/lu8 CTII:Cnatll:. _
Priaca:ntlul:. Gre71atu8 _
P'l.:udopriat:'anthrl8 altrca _
Other PriBcanthidae _

Syngnathidae
SlIngn..th". spp. -- _
Slmgnatl.". floTida. _
Hippocampu8 sPP. _
Hippocampll, eret"trc. _
Other Syngnathidae _

SeorpaenirJae
Scorpa~na spp. _
Other Scorpaenidae _

Ostraciidae
1,ar!'mhTII' spp. _

F.xocoetidae
Erocod". abt".iro.tria _
HiTIlndirhthll' sp. _
Other Exocoetidae _

Congridae _
Percoidei _
Molidae

Ilanzania !ncvi. _
Other Molidae _

Brami.lae
Col/lib". dr..rllme _

Scombroidei _
Anguilloidei _

Coryphaeniclae
COT1/ph ..e".. sPP. _

aali.toirlei _
Diodontidae .. _
Paralf·pididae _

UranrhioKleRidac
Malaronthl4. phnnicri _

Chiasmndontidae _
Caprnirlae

Antigonia COPTOI _
Ophichthirlae _
Polynl·midae _

Mollusks:
Cephalopoda

Octopoda
Tremodol.m8 vioiaccil.
Unirlentified Octupnrla

Teuthcliclea
Unidentified
Omma~tr('I,hidae _

fUr.x ill,.rr.bro.1t. _
(}mmaltrcl,h,:. SPJ).
Tcuthf,irlea _
Other Cephal.,pmla _

C;alitrnpCJda
Htoterupf,da

()~Ym/nl.' k'.TtlIl.drcni _
Atlantidae _

PterofJfula
Cat10linia uJlrillata _
lJiarria tri81,inn8u

Tonnidae (larval C.,rms)
T""71t1 flfd,.,,, _
Other Tonnidae _
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TABLE 4.-List of forage organisms (arranged in order
of frequellcy of occllrrence) found -in 39 yellowfin
tuna stomachs UJith food, collected from area 2­
Continued

TABLE 5.-List of forage organisms (arranged in order
of frequency of occurrence) found in 257 skipjack
tuna stomachs with food, collected from area 9­
Continued

Taxon
Frequeney

of
occurrence Volume

Taxon
Frequeney

of
occurrence Volume

Per­
No. rent MI.

Per­
cent

Per­
No. cent Ml.

Per­
cettt

[Frequency of occurrence and volume are given for each taxon.
See figure 1 for loration of area of sampling]

TABLE 5.-List of forage organis1lls (arranged in order
of frequency of occllrrence) found in 257 skipjack
tllna stomachs with food, collected from area 3

Volume

2.1 0.1
1.7 0.1
0.2 <0.1
8.5 0.3

<0.1
0.2

2.6
1.9
1.0
0.1

<0.1
<0.1
<0.1

0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1

0.1
<0.1

5.0
<0.1

<0.1
<0.1

0.3
<0.1
<0.1

25.0

19.0
0.1

<0.1

0.1
0.4

0.9
<0.1

0.4

0.3
<0.1

0.2

<0.1
<0.1

0.2
<0.1

0.4

<0.1
<0.1

<0.1
<o.I

0.1

<0.1
0.1

3.8
0.2

<0.1
<0.1
<0.1

<0.1
0.1
0.1

0.1
1.0
1.2

0.4
0.3
5.9
0.5
1.2

2.4
6.4

16.2
<0.1

7.9

4.9
0.6
4.2

1.7
0.8
2.9
0.6

7.8

0.1
0.6

1.1
0.5

2.0

1.7
2.6

68.0
3.5

0.8
0.7
1.5

0.1
0.2
0.2

0.5
3.2

47.7
34.3
19.0

1.6

2.0
0.4
0.1
0.1

1.3
0.5
0.3

17.5
0.1

89.9
0.2

452.8

343.6
1.4
0.4

2 0.8
6 2.3

2 0.8
1 0.4
4 1.6

3 1.2
3 1.2
5 1.9

1 0.4
1 0.4
3 1.2
3 1.2

3 1.2

1 0.4
2 0.8

2 0.8
1 0.4

3 1.2

2 0.8
2 0.8

0.4
0.4

0.4
0.4
0.4

0.4
0.4
0.4

3 1.2
1 0.4
6 2.3
3 1.2
1 0.4

0.4
0.4

8 3.1
5 1.9
1 0.4
2 0.8

1 0.4
1 0.4
2 0.8

13 5.1
4 1.6
1 0.4
1 0.4

9 3.5
5 1.9
3 1.2
5 1.9
1 0.4

40 15.6
2 0.8

122 47.5

110 42.8
8 3.1
1 0.4

Aeanthuridae
Aranthnr". SlOP. _
Arantllurr(s mOJ'lTovio,e _

SeombridaeAuzis spp. _
";lIthYJUI1I.B alletterat'I.B _
Other Seombridae _

Tetraodontidae
Sphaeroidc. spp. _
Other Tetraodontidae _

Botbidae _

Bramidae
Col/yb". drarhme _
BTanltl. ra/li _
Other Bramidae _

Anguilloidei _

Chiasmodontidae
PBer(do8f·O}J('/UB sp. _

Syngnathidae
Hippoearnpu. sPP. _
Other Syngnathidae _

Scorpaenidae
Srorpo,ena spp. _
Other Seorpaenidae _

Daetylopteridae
Daetyloptcru. volitan. _

Chaetodontidae
C/.a<fodon SlOP. _

Priaeanthidae _
Paralepididae

Paralepi. spp. _
Other Paralepididae _

Monaeanthidae
MonaeoJ'ltlu&B spp. _

Balistidae . _
Triehiuridae _
Synodontidae

SY>lod". SlOP. _
Congridae _
Myetophidae _

Mollusks:
Cephalopoda (adults and juveniles>

Octopoda
Argonar(ta sp. _
Other Oetopoda _

Teuthoidea
1IIe'" ille<rebro.". _
Ommastrephidae _
OmmostTelJlles pteropu. _
Other Teuthoidea _

Gastl'opoda (adults)
Hetel'opoda

Orrygyr". krraudreni _
Atlanta sp. _
Protatla>lta sp. _
Atlantidae _

Pteropoda
DiacTia trispinoBa _
Cavoli>lia spp. _
Co,1Jolinia longiroatTis _
Co,t1olinia. uJ'leinata.

Opisthobranebia _
Other Cephalopoda _
Other mollusks _

CJ'ustaceans:
Stomatopoda (larval forms) _

Deeapoda
BI'aehyura (megalopae)
Raninidae Imegalopae)
Grapsidae (megalopaej

Anomura
Paguridea lall Glaueothoe)

Darda>l". SlOP. _
Darda:nus arTo.or _
DaTdanu. p('('tinatr(. _
Pdroell iTUS pr(BtrdatuB
Diogenidae _

Macrul'a-Natantia
Penaeidae I all larvae)
Cerata.pi. SlOP. _
CerataB1Jis monstroaa _
Other Maerura-Natantia __

20.3

<0.1
1.8

<0.1
<0.1

2.5

0.5
<0.1
<0.1

\.0
\.6

Per­
e..... t

0.4 <0.1
2.5 0.1
0.7 <0.1
\.5 <0.1

2.9 0.1

0.7 <0.1
\.4 <0.1
0.8 <0.1
2.2 <0.1

0.2 <0.1

5.1 0.2
0.7 <0.1

0.6 <0.1
1.0 <0.1
0.4 <0.1
\.0 <0.1

0.2 <0.1

\.0 <0.1
0.2 <0.1
O.~ <0.1
0.5 <0.1

20.0 0.7

0.1 <0.1

68.4 2.3
11.0 0.4
0.5 <0.1

29.2 1.0
22.8 0.8

MI.

367.2

0.6
33.4

\.8
0.1

46.1

8.4
0.6
2.0

17.2
28.8

5 12.8

1 2.5
2 5.1
3 7.6
1 2.5

7 17.9
7 17.9
7 2.5
7 17.9

9 23.0
1 2.5
1 2.5
5 12.8
5 12.8

1 2.5
1 2.5
1 2.5
2 5.1

2 5.1

2.5
2.5

1 2.5
1 2.5
2 5.1
1 2.5

2.5

2.5
2.5
2.5
2.5

2.5

2.5

2.5

91 35.4

1 0.4
5 1.9
1 0.4
1 0.4
9 3.5

11 4.3
1 0.4
1 0.4
3 \.2
9 3.5

Per­
No. ">It

Frequency
of

occurrence
Taxon

Fishe.:
Unidentifiable -- _- ---
Gempylidae

Pronu:thi"llthys sp. _
PTonrf..·thi"hthys prom('thel(S _
NcsiaTduis sp. _
Gcnr})yh~s B('r"n's _
Other Gempylidae _

Carangidae
\'0»1I..·T 8chlJJinnls _
8('lc1l(, l'Of1u"r _
Df..·..o}Jtc-ru8 spp. _
Other Carangidae _

Serranidae - __ -------- --

Aeanthuridae
At'anthuTua ballianu8 _
ArcntJIIlTu8 ("lIiMl.gll.tI _
Ac"a.ltllrl.ru. spp. _
Othl'r Aeanthuridac _

Syngnathidae
SY>lg>lat/",. SlOP. -- _

StromatE'ic1ae
C"birrp. SlOP. --------------
Other Stromateidac _

Moli<lae
1tla.lun,s la,u'('olatus _
Other Molidae _

Congl'idat.' _
Monacanthidac..' _
OSh"A("iirlae

Larlopllrll. SlOP. -----------­
Priacsnthioae

PS('lIdo],r;ara'ltllu8 altll.s _
FistulariidRe _

Anll'uill"idei _
Belonidae _
CUl'yphaenidae

CorYJ,l,anra spp. _

Porna("entl'irlae
fJ"ulloma,'('ntru8 sp. _

Chiasmodon tidae
Psctl.doscojJcl,(s sp. _

Mollusks:
Cephalopoda

Teuthuidea
Ommastrephidae _
111('.:£ illcC"('1ITosrI.8 _
Enoploteuthidae _
Other Teuthoidea _
Other Cephalopoda _

Crustaceans:
Derapoda

Braehyura (megalopae)
Raninidae rmegalopae >
Grapsidae (megalopae)

Stomatopoda (larval forms)
Maerura·Natantia

Penaeinae
errata.pi. SIl. _
Crratn.spis J)t,titi _

Amphipoda (Hyperiidea) _
Mysidaeea __ .. - - - - - - - - - - - - - - . - -

Miscellaneous:
Unidentifiable invertebrates _
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TABLE 5.-List of forage organisms (arranged in order
of frequency of occurrence) found in 257 skipjack
tuna stomachs with food, collected from area 3­
Continued

TABLE 6.-L-ist of forage organi.~ms (arranged in order
of freqlLency of occurrence) found i1t 520 yellowfin
tuna stomachs with food, collected from area 3­
Continued

Taxon
Frequency

of
occurrence Volume

Taxon
Frequency

of
occurrence Volume

TABLE 6.-List of forage organisms (arranged in order
of frequency of occurrence) found in 520 yellowfin
tuna stomachs with food, collected from area .1
[Frequency of occurrence and volume are given for each taxon.

See figure 1 for location of area of sampling]

Volume

Caridea (larvae and juveniles)
Br..chl/carpus

biu..guicul..tus _
HeterOl:G.Tpua en.iler _
Enoplometopu, sp. _
Palaemonidae _
Stenopodidae _

Macrura-Reptantia (all
Phyllosoma larvae)

SCI/II..",s sp. _
Panu.liTU8 ria.oni _
Other Macrura-Raptantia __

Amphipoda (Hyperiidea) (adults
and juveniles)

8r..ch/ls«lus spp. _
PhTo.ina. aemilunata. _
PhTonima. .edentaria. _
Orru«phalu, clausii _
Platu,cellu, ovoidc, _
Streetsia challcngeri _
Strcct,i.. porcela _
Anchl/lomera blo••e,·iIIei _
Pa.rapronoe CTPCstulum. _
Other Hyperiidea _

Euphausicea (adults) _
Mysidacea _

Miscellaneous:
Unidentifiable invertebrates _

Taxon

Fishes:
Unidentifiable _

CarangidaeVomer sp. _

'....o7ncT sctapi7l7li. _
Decaptcru8 spp. _
SeiaT cTILmcnoptlialmu. _
Ura'/li. sp. __ ~ _
Other Carangidae _

Tetraodontidae
Sphaeroidc, spp. _
Canthiga,ter sp. _
Canthiga.tfJT rQstratu8 _
Lagocc]Jllallol:8 lagot"I!IJlIaluB _
Spllacroides spengleri _
Other Tetraodontidae _

Gempylidae
PTomctll;rlltll?18 prometheu8 _
Nt8iaTcluI8 na8lltuB _
Other Gempylidae _

Sel"raniclae
A ..thia, anthia. .
Parantllias !urci!er _
Other Senanidae _

Priaeanthidae
Priacanthus spP. --- _
Prrar.anthu8 crucnatl18 _
Prial'antllt,8 arenatll.B _
Cookcol", boop, _
Other Priacanthidae _

Scombridae
An:ris spp. _
Sl'ombt:r 3a,ponicl(B _
Other Scombridae _

Bt'amidaeCol/ubu, dracllmc _
PterucombuB sp. _
Other Bramidae _

Per­
No. c""t

4 1.6

4 1.6
1 0.4
1 0.4
1 0.4
1 0.4

5 1.9
1 0.4
2 1.9

27 10.5
20 7.8

6 2.3
5 1.9
5 1.9
3 1.2
2 0.8
2 0.8
1 0.4

57 22.2
2 0.8
3 1.2

59 22.9

'Frequency
of

occurrence

268 51.5

3 0.6
32 6.1

6 0.9
4 0.8
1 0.2

11 2.1

10 1.9
1 0.1
3 0.6
1 0.2
1 0.2

24 4.6

4 0.8
3 0.6

32 6.1

2 0.4
2 0.4

18 3.5

4 0.8
2 0.4
1 0.2
1 0.2

10 1.9

5 0.9
2 0.4
9 1.7

8 1.5
1 0.2
1 0.2

MI.

0.6

0.6
2.9
0.4
0.1
0.6

2.0
0.1
1.2

16.5
7.4
1.3
2.5
2.3
1.0
0.2
0.3
0.7

19.4
0.2
0.5

59.0

MI.

845.4

1.4
29.0
33.9

2.144.0
3.5

36.5

17.0
42.0
27.6
2.0
1.6

115.2

21.0
3.7

81.0

2.0
0.3

11.0

2.5
2.6
1.2
1.1
9.3

19.2
18.0

7.7

5.0
1.7
0.3

Per­
ee7lt

<0.1

<o.l
0.2

<0.1
<o.l
<0.1

0.1
<0.1
<0.1

0.9
0.4
0.1
0.1
0.1

<0.1
<0.1
<0.1
<0.1

1.1
<0.1
<0.1

3.3

Pcr­
cent

13.4

<0.1
0.5
0.5

34.1
<0.1

0.6

0.3
0.7
0.4

<0.1
<0.1

1.8

0.3
<0.1

1.3

<0.1
<0.1

0.2

<0.1
<0.1
<0.1
<0.1

0.1

0.3
0.3
0.1

0.1
<0.1
<0.1

Zeidae
Zenion hololepi, _

Dactylopteridae
Dactulopteru. volit..n, _

Chaetodontidae
Chactodon "PI'. _
Chactodon mareelae _

Bothidae _
Gonostomatidae

Mauroli(·UB SP. _
Mat(rolicUB mld/eri _
Other Gonostomatidae _

Exocoetidae
Hirundiehtllu, sp. _
Other Exocoetidae _

Scorpaenidae
ScoTpaena BPP. _
Other Scorpaenidae _

Ostraciontidae _
Stromateidae _
Monacanthidae _
Congridae

AriQ80ma sp. _
Other Congridae _

Nomeidae
Cubiceps spp. . _
C..birep, gracilli, _

Chiasmodontidae
P,eudoBCopel", sp. _

Aulostomidae
A ulo8tomu8 ma.t"ulatu8Anguilloidei _

Paralepididae
Paral.pi, spp. _

Trichiuridae _
Acanthuridae

AcanthurU8 monrol1iae _
Other Acanthuridae _

Syngnathidae
Hipporamp.., spp. _
Dorichth.., "Pp. -----------­

Grammicolepididae
XeTlolcpidiehthu, sp. ._

Ostraciidae
Ostrarion sp. .. _

Seorpaenoidei _
Synodontidae

Sunod". spp. _
Uranoscopidae _
Triglidae

Le]Jidotrigla spp. _
Pomacentridae _
Seombroidei _
Stomiatoidei _
Eugraulidae _
Caproirlae

Antigonia C'4}lTOS _
Anopl(JR'a~teridae _
Callionymidae _
Holocentridae

Holocentru, "Pl'. ------------
Br:rycoidd _
Blenniidae

Rlcnn;I(S spp. _
Balistidae _

Mollusks (juveniles and adults} :
Cephaloporla (adults anrl juveniles)

Oetopo'.la
ArgonaJda sp. _
Other Octopoda _

Teuthoidea
Ommastrephidae _
Ommnatrc})lIts spp.
Omm4stT('ph~8 ptcropus _
lila il/cccllro,... _
Ahralia sp. _
SepiQitlea _
Other Teuthoidea _
Other cephalopods _

Gastropoda
Heteropoda

OZygYTIlS J..·eralulreni _

Per­
No. c.nt

1.7

1.5

3 0.6
5 0.9
5 0.9

1 0.2
3 0.6
1 0.2

1 0.2
4 0.8

1 0.2
4 0.8
4 0.8
3 0.6
3 0.6

2 0.4
1 0.2

2 0.4
1 0.2

2 0.4

2 0.4
2 0.4

2 0.4
2 0.4

0.2
0.2

0.2
0.2

0.2

0.2
0.2

0.2
0.2

0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2

0.2
0.2

0.2
0.2

2 0.4
15 2.9

21 4.0
2 0.4
4 0.8

17 3.3
2 0.4
1 0.2

19 3.6
173 33.3

1.1

MI.

270.5

10.2

1.1
7.4
2.7

0.5
33.0

0.7

47.0
221.3

2.1
6.2
2.5
6.0

12.0

9.9
0.5

3.3
2.5

3.2

8.9
17.3

167.0
30.5

0.4
U.8

1.6
0.6

3.0

1.1
2.0

1.0
0.2

0.2
0.2
0.4
0.2
0.3

1.2
2.5
0.1

0.3
0.4

0.4
0.9

1.3
27.5

117.0
0.5

17.0
174.3

1.0
2.3

7~.6

332.9

0.7

Per­
cent

4.3

0.2

<0.1
0.1

<0.1

<0.1
0.5

<0.1

0.7
3.5

<0.1
0.1

<0.1
0.1
0.2

0.2
<0.1

<0.1
<0.1

<0.1

0.1
0.3

2.6
0.5

<0.1
<0.1

<0.1
<0.1

<0.1

<0.1
<0.1

<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1

<0.1
<0.1

<0.1
<0.1

0.1
0.4

1.9
0.1
0.3
2.8
0.1

<0.1
1.2
5.3

<0.1
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TABLE 6.-List of forage organisms (arranged in order
of frequency of occurrence) found in 520 yelloU'fin
tuna stomachs with food, collected from. area 8­
Continued

TABLE 6.-List of forage organisms (arranged in order
of frequency of occurrence) found in 520 yelloU'fin
tuna stomachs with food, collected from area 8­
Continued

Taxon
Frequenc:r

of
~eurrenee Volume

Taxon
Frequency

of
occurrence Volume

PteropodaCavoU,,;" sp. _
Ca.volinia tC11.l"itlata. _
Atlantidae _

Tonnidae
Tonna galea (larvae) _
Opisthobranchia _
Other mollusks _

Crustaceans:
Stomatopoda (larval forms)

Ly.io.quilla sp. _
Other Stomatopoda _

Deeapoda
Brachyura (megalopae) __
Raninidae (megalopae) _
Lyreidu. sp. (megalopae)
Grapsidae (megalopae) _

Anomura
Paguridea (all Glaucothoe)Dardanu. spp. _

Dardanu8 pectinatrc8
Damanus 4",0807 _

P('trochirU8 pustulatua _Diogenidae _
Other Anomura _

Maerura-Natantia (Caridea-
adults. juveniles. and larvae)

HetcTocarl,u8 ensi/er _
Rrachyrorpu. hiuDldeulatus
Stenopu. hi.pidu. _

P.r­
No•••nt

0.2
0.2
0.2

6 0.9
1 0.1
3 0.6

1 0.2
366 10.4

101 20.6
29 5.6

1 0.2
4 0.8

16 3.1
12 2.3
2 0.4
4 0.8
1 0.2

31. 6.9

26 6.0
17 3.2

1 0.2

MI.

0.1
0.1
0.1

0.1
0.1
0.3

2.0
673.4

104.1
3.0
0.1
2.0

6.6
2.2
0.3
0.5
0.1

13.8

255.6
4.4
0.2

P....
..",t

0.1
0.1
0.1

<0.1
0.1

<0.1

<0.1
9.1

1.6
<0.1
<0.1
<0.1

0.1
<0.1
<0.1
<0.1
<0.1

0.2

4.1
0.1

<0.1

E,,07,lometopu. sp. _
Ludfer sp. _
Other Maerura-Natantia

Mllerura.Reptantia (all
Phyllosomae)

Seyllaru. sp. _
Seylarid•• sp. _
Panulirrc. ri880Jli _

Other Maerura-Reptantia __
Amphipoda (Hyperiidea I

Bral"l'Y8t."cluB spp. _
Phrosina Bemillerlata _
PhTOJrima Bedel,tnTia _
Strett.ia challellgeri _
Platysl"C'llrc. ot'oidea _
Platyareilla aerratullca _
Oryct'l,halua t'1auaii _
Vibilia c"ltri7le. _
Allchlllomera blo••c..iIl~i _
Syml)rOnOC parl'a. _
Vibilia sp. _
Pllronima. spp. _
Pfl.rarpronoe ("rlcatullcm
Other Hyperiidea _

Euphausiacea _
Mysidae~ea _
Copep"daE"chaeta sp. _

Miscellaneous:
Unidentifiable invertebrates _

P.r­
No. rent

1 0.2
1 0.2

20 3.8

26 5.0
3 0.6
1 0.2
4 0.8

67 12.9
55 10.6
19 3.6
5 0.9
6 0.9
3 0.6
4 0.8
4 0.8
3 0.6
2 0.4
2 0.4
1 0.2
1 0.2

45 8.6
3 0.6
1 0.2

0.2

129 24.8

Jlt/.

0.4
0.1
7.6

5.3
1.6
0.2
8.0

12.3
17.3
2.7
0.6
0.9
0.2
0.5
0.7
0.3
0.2
0.2
0.1
0.2

10.4
0.6
0.1

0.1

134.1

Per­
("('fit

<0.1
<0.1

0.1

0.1
<0.1
<0.1
<0.1

0.2
0.2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

0.2
<0.1
<0.1

<0.1

2.1
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